
3 : 2 4

H vdroD hob ic itv  v a r ia t io n  in m eat p ro te ins upon the rm a l tre a tm e n t 
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SUMMARY: A flu o re s c e n t probe method using 8 -a n il in o - l-n a p h ta le n e  s u lfo n ic  acid 
(ANS) and re tin o l (RET) has been used to  s tudy the e f fe c ts  o f heat tre a tm e n ts  on the 
m eat p ro te in s  h ydrophob ic ity . The number o f ANS b ind ing  s ite s  per u n it p ro te in  
increased fro m  0.75 fo r  unheated sam ples to  2.12 fo r  m eat p ro te in s  heated a t 1'00‘ C fo r  
30 m in. The number o f RET b ind ing  s ite s  increased from  0.13 to  0.46 w ith  the  same heat 
tre a tm e n t. T h is  is  d iscussed in  te rm s  o f %  increase in  a ro m a tic  and a lip h a tic  
h yd rop ho b ic ity  o f m ea t p ro te ins .

INTRODUCTION: Heat tre a tm e n t is  an in te g ra l p a rt o f com m inuted  m eat m anufacture . 
However, th is  tre a tm e n t Induces p ro te in  d ena tü ra tion  and m o d if ic a tio n s  o f th e ir  
fu n c tio n a l p ro p e rt ie s  (LI-CHAN e t al., 1984). Many papers have been pub lished to  
em phasize the im portance  o f h yd rop ho b ic ity  in  p ro te in  fu n c t io n a lity .

F luorescence probes are o fte n  used fo r  e va lua tion  o f the  p ro te in  h yd rop ho b ic ity  
because o f the s im p lic i ty  and ra p id ity  o f the method (SKLAR e t a l., 1977). In o rder to 
asses the  a ro m a tic  h yd ro p h o b ic ity  (ARH), 8 -a n ll in o - l-n a p h te le n e  s u lfo n ic  ac id  (ANS) 
seems to  be use fu l s ince  i t  is  composed o f a ro m a tic  r in g s  (CLARKE an'd NAKAI, 1972). 
The u t i l i t y  o f re t in o l as a f lu o re s c e n t probe fo r  membrane l ip id s  has a lready been 
dem ostra ted  (RADDA and SMITH, 1970). For d e te rm in in g  the a lip h a tic  hyd rop ho b ic ity  
(ALH) a ll - t r a n s - r e t in o l  (RET) can be used because i t  is  composed by an a lip h a tic  
hydrocarbon chain.

The o b je tiv e  o f the  p resen t w o rk  w as to  s tudy the  e f fe c ts  o f heat tre a tm e n ts  on the 
a ro m a tic  and a lip h a tic  h yd rop ho b ic ity  o f m eat p ro te in s  using ANS and RET as 
flu o re s c e n t probes since  the q u a n tita t io n  o f th is  pa ram ete r can be an essen tia l s tep  fo r  
accura te  p re d ic tio n  o f m eat p ro te in s  fu n c t io n a lity .

MATFRIALS and METHODS

Preparation o f m eat e x tra c ts : The m usc le  tis s u e  used fo r  the p repa ra tion  o f the 
m eat e x tra c ts  w as obta ined fro m  the M u s c l e  r e c t u s  f e m o r i s  o f f iv e  d if fe re n t bovine 
anim als.

S a lt-e x tra c ts  o f beef sam ples w ere  prepared in 0.01M sodium  phosphate b u ffe r  pH 7 
co n ta in ing  0.6M NaCl and 1 mM MgCl2 , as p re v io u s ly  described LI-CHAN e t al. (1984).

E x tra c ts  w ere  analyzed fo r  p ro te in  co n te n t by the m ethod o f LOWRY e t al. (1951).

Hpaf tre a tm e n ts : Three re p lic a te s  o f each e x tra c t in pH 7 b u ffe r  w ere  placed in  a 
b o ilin g  w a te r  bath and heated w ith  co ns ta n t s t i r r in g  to  a tta in  In te rn a l te m p era tu re s  o f 
4 0 *c to  100°C and held a t the approp ia te  te m p e ra tu re  fo r  30 min. The s o lu tio n s  w ere  
then ra p id ly  cooled in  an ice w a te r  bath , then homogenised in a S o rva ll O m n i-m ixe r 
hom ogenelzer (Du Pont Co., N ew tow n, Conn., USA) a t a pp ro x im a te ly  369  g fo r  15 sec.

F luorescen t nrohe m ethod: D e te rm in a tio n  o f apparent m eat p ro te in s  h yd rop ho b ic ity  
w as c a rr ie d  out using flu o re s c e n t probes : 8 -a n il in o - l-n a p h ta le n e  su lphonipue acid 
(ANS) and a ll - t r a n s - r e t in o l  (RET) (S igm a Chem ical Co., St. Lou is, MO, USA).

Each p ro te in  sam ple w as d ilu te d  w ith  phosphate b u ffe r  pH 7 to  ob ta in  a p ro te in  
c o n ce n tra tio n  o f 14.5 p g /m l. S o lu tio n  o f ANS 10 ^ M in phosphate b u ffe r  pH 7 and 
s o lu tio n  o f RET 10~4 M in  e thano l w ere  s e r ia l ly  d ilu te d  to  ob ta in  ANS co nce n tra tion  
rang ing  from  Ip g /m ! to  1 0 0 u g /m l and RET co nce n tra tion  ranging from  0.01 p g /m l to  
3 0 u g /m l. 5 0 0 p l o f m eat p ro te in s  s o lu tio n  w as added to  2.5 m l o f d ilu te d  ANS and RET.
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' T T *  (F I) ° f  the "Q ^ d - p r o te ln  co n juga tes  was measured on a 
H itach i F-2000  spectropho tom ete r. A N S -p ro te in  co n juga tes  w ere  e xc ited  a t 370 nm and

m e ^ s u r e d ^  470  nm 4 5 °  nm' RET' p ro te fn  conJu9a tes w ere  e xc ite d  a t 330  nm and FI was

The data  ana lys is  w as e s s e n tia lly  th a t o f COGAN e t al. (19 76 ) o u tlin e d  here in  From 
m ass law  cons ide ra tions ,

Po a = f f 0 a ( \  -  a ) ( 1)

w here  P Q and /?0 are re s p e c tiv e ly  the to ta l p ro te in  co nce n tra tion  and the to ta l ligand 

co nce n tra tion ; / C 6  , the apparent co nce n tra tion  constan t; n ,  the number o f b ind ing  s ite s  
per u n it p ro te in ; a  , the fra c t io n  o f fre e  b ind ing  s ite s , is  equal to:

a
" m .x F /

F/mmx

w here  F / m m x  is  the fluo rescence  in te n s ity  upon s a tu ra t io n  o f a ll the  p ro te in .

P lo tt in g  P o  a  i / s  / £ o - ( l  -  a )  g ives a s tra ig h t lin e  w ith  a slope equal to  I / n  
and in te rc e p t o f - K M / na

and DISCUSSION: The enhacement o f fluo rescence  o f sm a ll flu o resce n t 
m o lecu les  upon b inding to  p ro te in s  has been used here to  e lu c id a te  the question  o f the 
m eat p ro te in s  hydrophob ic ity .

f*lu °cre s ^ ? ce 1n te ns ity va lues o f lig a n d -p ro te in  con jugates when p lo tte d  
f  AWc J * . °  Tqn w ere  shown in F19- 1 and Fig. 2. These Cogan p lo ts  fo r  the binding 

o fA N S a n d R E T  to  m eat p ro te in s  are lin e a r and g ive  s tra ig h t lin e s  w ith  a c o rre la tio n

Figure 1. Cogan p lo t, fo r  t i t r a t io n  of meat 
p ro te in s  w ith  ANS

F igure 2 Cogan p lo t, fo r  t i t r a t io n  
o f meat p ro te in s  w i t h  RET
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c o e ff ic ie n t o f 0 .998 and 0 .994  re sp e c tive ly . From the s lopes o f these s tra ig h t lines , the 
number o f ANS (Nans) and RET (NRET) b ind ing  s ite s  per u n it  p ro te in  can be ca lcu la ted .

Table 1 shows the v a r ia t io n  o f number o f ANS and RET b ind ing  s ite s  per u n it p ro te in  
as a fu n c tio n  o f the heat tre a tm e n ts . Nans increased w ith  hea ting  fro m  0.75 fo r  unheated 

sam ples to  2.12 fo r  m eat p ro te in s  heated a t 100*C fo r  30 m in. NRET increased from  0.13

to  0 .46  w ith  the  same heat tre a tm e n t. T h is  increased in number o f acces ib le  s ite s  could 
be exp la ined as re s u lt  o f dena tu ra tion  proceeds because the h yd rop ho b ic ity  res idues 
buried  in  the  in te r io r  are exposed a t the m o lecu la r su rfa ce  o f p ro te ins .

Table 2 show s the increased in h yd rop ho b ic ity  as a consequence o f heating. When 
heat tre a tm e n t o f 5 0 'C  fo r  30 m in  w as app lied, th e re  w as a 25% increase o f a ro m a tic  
and a lip h a tic  hydrophob ic ity . More rig o ro us  tre a tm e n t w as accompanied by a 
d isagrem ent o f h yd rop ho b ic ity  changes. Heating to  6 0 -1 0 0 ‘ C fo r  30 m in , the % increase 
o f ARH fe l ls  w ith in  the  36.00-182.66%  range, w h ile  % increase o f ALH fe l ls  w ith in  the 
53 .84-253 .84%  range. The re fo re , the  h yd rop ho b ic ity  o f a lip h a tic  am inoacids w as h igher 
than th a t o f a ro m a tic  am inoacids, when the  heat tre a tm e n ts  above 6 0 'C  fo r  30 m in  were 
applied.

L inear reg ress ion  a na lys is  showed th a t the heat tre a tm e n t w as s ig n if ic a n t ly  
c o rre la te d  w ith  the % increase o f a ro m a tic  ( r  = 0 .970  n =7 P< 0 .005) and a lip h a tic  
( r  = 0 .985 n =7 P< 0 .005) h yd rop ho b ic ity  o f m eat p ro te ins . The fo llo w in g  regres ión  
equations w ere  obtained:

%1ncrease o f a ro m a tic  h yd rop ho b ic ity  = -  119.442 + 2 .789 Heat tre a tm e n t
% increase o f a lip h a tic  h yd rop ho b ic ity  = -  183.247 + 4 .313 Heat tre a tm e n t

The re s u lts  a llo w e d  to  deduce th a t the  a na lys is  o f the  v a r ia t io n  o f number o f ANS or 
RET b ind ing  s ite s  per u n it p ro te in  in te rp re te d  as a ro m a tic  and a lip h a tic  h yd rop ho b ic ity  
w as able to  c le a r ly  d is c r im in a te  betw een sam ples o f m eat p ro te in s  re ce iv in g  heat 
tre a tm e n ts  w ith  10’ C in te rv a ls .

Table 1. V a ria tio n  o f number o f ANS 
fu n c tio n  o f the heat tre a tm e n ts .

and RET bind ing  s ite s  per u n it p ro te in  as a

Heat treatm ent n ans n ret

None 0.75 0.13

40°C -  30 m in 0.81 0.15

50*C -  30  m in 0.94 0.16

60*C -  30  m in 1.02 0.20

70"C -  30 m in 1.20 0.27

8 0 'C  -  30  m in 1.45 0 .34

90*C -  30 m in 1.69 0.41

100*C -  30  m in 2.12 0.46
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Iâ iÜ Ê — Z  E ffe c t o f hea ting  on m eat p ro te in s  h yd rop ho b ic ity

Heat treatment Increase In aromatic 

hydrophobicity ( X ARH)
Increase in aliphatic 

hydrophobicity ( X ALH)

None -

40*C -  30 m in 8.00 15.38
5 0 'C  -  30  m in 25.33 23.07
60*C -  30  m in 36.00 53.84
70*C -  30  m in 60.00 107.69
8 0 ’ C -  30  m in 93.33 161.53
9 0 'C  -  30  m in 125.1 1 215 .38
10O’ C -  30 m in 182.66 253 .84
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